In order to avoid the errors inherent in material thermometers, a method has been devised whereby the temperatures in the region of heated air near a hot surface may be determined from the displacement of the fringes in an interferometer.
In other words, this theory would lead to the conclusion that the temperature drop would be confined to the region of laminar flow.
Reasoning from the kinetic theory of gases, and taking into account the change of viscosity and heat conductivity with temperature, Langmuir deduced certain laws for the thickness of this film. From these laws it was possible to correlate the observations of many observers on convective heat transfer for wires and cylinders in different gases.
The correlation was remarkably good over a wide range of pressures and temperatures of the gas, and of cylinder diameters.
In order to determine how closely the film theories agree with the physical facts, it is necessary to measure the temperature and the 1 Boussinesq, Comptes Rendus, vol. 132, p. 1383 Rendus, vol. 132, p. , 1901 a Alex. Russell, Phil. Mag., vol. 20, p. 591, 1910. 3 Buckingham, Phys. Rev., vol. 4, p. 345, 1914. < Davis, Phil. Mag., vol. 40, p. 692, 1920; vol. 41, p. 899, 1921 . * Rice, Trans. A. I. E. E., vol. 42, p. 653, 1923. In Figure 1 is shown a plan view of the interferometer together with the light source, the heated surface, and the camera. Inserting the values given in equations (3) and (4) (8) Since in the interferometer the change in number of light waves in a given path is equal to the fringe displacement, equation (8) gives the fringe displacement as measured in It is clear from this figure, as well as from equations (8) and (9) that the interference fringe does not represent the temperature line. Figure 6 shows the effect of the total temperature rise on the relative temperature distribution. In the preliminary report 16 on this work, it was stated that the distribution was the same for all temperatures, any differences which occurred being ascribed to experimental error.
Repeated measurements have since been made on the enlarged photow Kennard, Phys. Rev., vol. 38, p. 1921 , 1931 117348-32 No function has as yet been developed which represents the observed temperature distribution in front of a vertical hot plate. It will be noted that the curves in Figure 5 show no sharp change in slope or in curvature, and that the curves approach the room temperature line asymptotically. Whatever the above function may be, it seems evident from these curves that it is continuous both in its first and second derivatives. Figure 7 it will be seen that the departure from room temperature is at first very gradual. The exact position of the outside boundary is therefore indefinite.
One may safely assume that at the surface of the cylinder the air flow is approximately laminar and that the heat is transferred by pure conduction. Under such conditions the heat flux will be directly proportional to the temperature gradient, which can be determined from the spacing of the isothermal lines. If we take the heat flux at the bottom as 100, we find from Figure 9 that it decreases uniformly to 70 at the side. This uniform decrease continues to about 45°from the top where the heat flux begins to drop off more rapidly, so that at the top it is only 10. However, the isothermals shown at the top of the cylinder are so far from the surface that it is not safe to assume laminar flow throughout this region. In case of turbulence the heat flux might be considerably greater than that indicated by the average temperature gradient over the distances involved.
In Figure 9A is shown a composite photograph of the fringes about a cylinder 1.27 cm diameter and 10 cm long. The cylinder is of brass tubing, having a 1 mm wall and is lined with asbestos paper which is held in place by the heating coil. The leads to the heating coil project a few millimeters beyond the cylinder and are then bent sharply to the right and serve as the support. The cylinder is open at both ends and the interference fringes are clearly seen through the hollow center.
The surface temperature of the cylinder is determined by the thermocouple wires shown in the lower right of the photograph.
In Figure 10 (A) are shown the isothermal lines about the above cylinder.
They were determined as in Figure 8 by plotting the points of equal fringe shift. From the spacing of the isothermal lines Figure 7 near the cylinder the heat flux is found to decrease from 100 at the bottom, to 80 at the side, and to 20 at the top. Figure 9 (B) shows a photograph of the fringes about a cylinder 5 mm in diameter and 10 cm long. The walls are 1 mm thick and lined with alundum cement. A straight nichrome wire serves as both heating element and support. The thermocouple giving the surface temperature is shown at the right center with the heating and support Figure 8 wire below. Interference fringes may be seen through the hollow center of the tube. As the hole is 100 mm long and only about 1 mm in diameter, the appearance of these fringes gives an idea of the collimation of the apparatus.
The isothermal lines for this cylinder are shown in Figure 10(B) .
From the spacing of the isothermals the heat flux is found to decrease from 100 at the bottom to approximately 90 at the side, and to 30 at the top. platinum wire 0.4 mm in diameter. The current and the potential drop were measured on a potentiometer and the temperature determined from the resistance. Potential leads were used so that the resistance measured was only that of the straight portion of the wire about which the fringes were photographed and did not include the leads.
In order to throw the leads out of focus and to reduce the aberration error the fringes were brought to a focus at the middle of the wire.
The isothermal lines about this wire are shown in Figure 12 Figure 13 gives the temperature distribution for the four cylinders in a horizontal plane containing the cylinder axis. The curves for the distribution in a vertical plane below the cylinders are similar to those in this figure but closer to the surface. It will be noted that the curves in Figure 13 show no evidence of discontinuity in slope or curvature. Figure 13 represent the temperature distribution for pure conduction when fitted to the point of mean temperature drop as indicated above.
The curves in Figure 13 Figure 5 shows Note.-After the manuscript of this paper was completed, the paper by Hansen (Zeit fur Tech. Phys. XII, 9, 1931) was received. Hansen describes the design and construction of an elaborate interferometer for use in work similar to that described here, and goes into the optical theory in detail. As concerns heat transfer he does not go beyond showing that it is possible to obtain photographs of the interference fringes displaced by a heated cylinder. Washington, April 22, 1932. 
